Ocular surface squamous neoplasia · Intraocular ocular surface squamous neoplasia · Ultrasound biomicroscopy Abstract Purpose: To study the clinical profile, ultrasound biomicroscopy (UBM) findings, and treatment outcome of ocular surface squamous neoplasia with intraocular extension (OSSN-IO). Methods: It was a retrospective case series of 7 eyes of OSSN-IO treated at our center from March 2015 till December 2016. Results: Mean age of presentation was 53 years. Clinical signs of intraocular involvement were evident in 3 cases (43%). In the remaining 4 cases (57%), it was diagnosed on UBM alone. Mean tumor height on UBM was 5.06 mm (6.6 mm for nodular and 3.8 mm for nodulo-ulcerative pattern). Of 7 cases, 2 were managed with exenteration, 4 cases with enucleation + limited excision ± external beam radiotherapy, and 1 was lost to follow-up. Complete regression was noted in 83% cases (5/6) and they remain disease free at a mean follow-up of 23.2 months. One case died of metastasis at 7 months. Histopathological examination showed well-to moderately differentiated tumor in all cases. Conclusions:
Introduction
Intraocular invasion by ocular surface squamous neoplasia (OSSN-IO) is uncommon and is reported to occur in up to 13% cases [1] [2] [3] [4] . It is seen in aggressive histopathological variants like spindle-cell, mucoepidermoid, and adenoid squamous OSSN [5] [6] [7] . In nonaggressive variety, previous history of surgical intervention is usually present [8] . Clinically, presence of anterior chamber cells, raised intraocular pressure, mass in the anterior chamber angle, and choroidal or exudative retinal detachment in an eye with OSSN is suggestive of IO invasion [1] . Recent advances in anterior segment imaging have refined our ability to accurately delineate the extent of tissue invasion, thus enabling early detection of IO tumor extension in the absence of any obvious clinical signs [9, 10] where complete clinical evaluation is not possible like in tumors involving or overhanging the cornea or those with corneal opacity.
In this retrospective case series, we describe clinical, ultrasound biomicroscopic, and histopathological features of 7 cases of OSSN-IO, their management, and outcome.
Materials and Methods
A retrospective chart review was performed for all patients who were treated for OSSN-IO at our center from March 2015 till December 2016. The study was approved by the Institute's ethics committee and followed the tenets of the Declaration of Helsinki.
Demographic and clinical data including previous treatment history, risk factors, human immunodeficiency virus (HIV) status, systemic associations, best-corrected visual acuity, and laterality were noted. Clinical characteristics of tumor documented were location, size, height of tumor on ultrasound biomicroscopic examination (UBM), multiplicity, presence of feeder vessels, clinical appearance (gelatinous/pappiliform/ulcerative), growth pattern (nodular/sessile), presence of leukoplakia or pigmentation, tissue involved, and nodal and systemic metastasis. Clinical signs specifically noted to detect intraocular involvement were presence of anterior chamber cells, anterior chamber mass on gonioscopy, exudative retinal detachment, or choroidal mass on dilated fundus examination. UBM, ocular ultrasonography, and histopathological findings were documented in all cases. Imaging scans of orbit were reviewed in cases with forniceal involvement to identify orbital extension. Tumor was graded according to AJCC-TNM classification of conjunctival carcinoma (8th edition of the American Joint Commission on Cancer TNM Classification scheme Cancer (AJCC) Staging Manual [11] ). Treatment advised, outcome, and follow-up was noted for patients, wherever available.
Results
A total of 57 eyes of 56 patients were treated for OSSN at our center during the study period. Out of these, 7 eyes (12.3%) had intraocular extension. Mean age of presentation was 53 ± 6 years (range 35-80 years). There was a marked male preponderance with male:female ratio of 6: 1. Forty-three percent of patients (3/7) were ≤50 years at presentation. The mean duration from onset of symptoms to time of presentation was 7 months (range 2-12 months). The right eye was involved in 4 patients and the left eye in 2 patients. One case had bilateral OSSN (Case 3, Table 1 ) with intraocular extension in the left eye. Previous treatment history was present in 5/7 (71.4%) cases and all 5 had undergone at least one previous surgery involving the tumor. One patient was HIV positive and 2 were treated for pulmonary tuberculosis. Concomitant orbital extension was seen in 42.8% cases (3/7). The clinical, demographic, imaging, treatment, outcome, and follow-up data of the cases are summarized in Table 1 . The tumor morphology was nodular in 3 cases (Fig. 1a , e, h) and nodulo-ulcerative in 2 cases (Fig. 1d, k) . Diffuse corneal melt possibly secondary to long-term mitomycin C (MMC 0.04%) use was seen in 1 case (Fig. 1l) . One case presented with necrotizing scleral nodules and was misdiagnosed as nodular scleritis (Case 1, Table 1 ). Clinical signs of intraocular involvement were evident in 3 cases (43%) as exudative retinal detachment with choroidal mass, pupillary peaking (Fig. 1k) , and total corneal melt in one case each (Fig. 1l) . In the remaining 4 cases (57%), intraocular involvement was diagnosed on UBM (Fig. 1c, f, i). Mean tumor height on UBM was 5.06 mm (range 3.5-6.9 mm) for the cohort, 6.6 mm for nodular tumors, and 3.8 mm for nodulo-ulcerative tumors. UBM findings suggesting intraocular extension were ciliary body thickening in 4 cases, anterior segment invasion involving the anterior chamber angle in 2 cases, and transcorneal invasion into anterior segment in one case. Of these 4 cases, gonioscopy was not possible in 2 cases due to corneal opacity in one and due to overhanging tumor in another. In the remaining two cases, there were no obvious clinical signs of intraocular involvement. As per AJCC 8th edition classification for OSSN, 4 cases were staged as T3N0M0 and 3 cases as T4aN0M0. Figure 1 shows the clinical photographs and UBM imaging of patients of OSSN with intraocular invasion. Treatment Outcome Of 7 cases, exenteration was carried out in 2 cases (AJCC T4) and enucleation with limited excision was performed in 4 cases (3 cases with AJCC T3 and 1 case with AJCC T4; adjuvant external beam radiotherapy [EBRT] was given to the case with AJCC T4 tumor). One patient was lost to follow-up after initial evaluation. Complete tumor regression was noted in 83% cases (5 out of 6) and they remain disease free with no tumor recurrence at a mean follow-up of 23.2 months (range 16-32 months). One case with AJCC T4 OSSN refused exenteration and therefore was managed with enucleation with limited excision followed by EBRT. Surgical margins were negative for tumor on histopathology. Ipsilateral preauricular lymph node metastasis was noted 4 months later and the patient was advised radical neck dissection. But the patient denied any further treatment and died of metastasis at 7 months of follow-up. Histopathological examination showed well-to moderately differentiated tumor in all cases. Figure 2 shows the histopathological features and sites of intraocular involvement in OSSN-IO. None of the cases had aggressive histopathological features consistent with spindle-cell, mucoepidermoid, or adenoid squamous OSSN. The surgical margins were negative and no local recurrence was seen in any case.
Discussion
OSSN-IO, although rare, is a potentially vision-threatening disease with high morbidity. Of all cases of OSSN managed at our center, 12.3% (7/57) eyes had IO involvement. This is comparable to 13% incidence reported in the literature [3] . In accordance with previous studies, there was a marked male preponderance in our series [3, 12] . Mean age of patients in the current study was younger than reported in most other series [1, 4, [13] [14] [15] .
In our series, obvious clinical signs of intraocular invasion were absent in 28.6% (2/7) of cases and could not be assessed with gonioscopy in another 28.6% (2/7) of cases due to a large tumor size covering the cornea or due to corneal opacity. At our center, we routinely perform UBM in cases of nodular OSSN, recurrent OSSN with history of surgical intervention, and in cases where gonioscopy is not possible. Signs of intraocular involvement on UBM are blunting of angles, anterior segment mass, and ciliary body thickening. Mean tumor height of OSSN on UBM as noted in the larger cohort of OSSN patients reported in an earlier study by authors was 2.93 mm [10] . This is lower than the mean tumor height of OSSN with intraocular invasion in the current series (5.06 mm). Also, in the current study, authors noted areas of high reflectivity on UBM in some tumors probably suggesting keratin accumulation within the tumor (Fig. 1b) . This may be considered as a characteristic of OSSN on UBM, as is also the presence of keratinization clinically when compared with other ocular surface tumors. OSSN-IO may mimic as necrotizing scleritis [16, 17] , orbital cellulitis [18] , sclerokeratitis [13] , or pterygium [4] . These varied presentations often lead to delay in diagnosis and inappropriate management, thus predisposing to the spread of the tumor to deeper tissues. In our study, one case (Case 1, Table 1 ) was misdiagnosed as necrotizing scleritis and managed with a patch graft. A recurrence was noted shortly thereafter with IO spread of tumor, and an incision biopsy confirmed the diagnosis of OSSN. A recent study from the subcontinent has described an aggressive morphological pattern of OSSN, reported as the nodulo-ulcerative variant. It is reported to be associated with high incidence of intraocular (67%) as well as orbital (33%) extension [19] . In our study, two cases (29%) presented with nodulo-ulcerative tumor morphology. It is to be noted that the mean height of tumors with nodulo-ulcerative morphology was less than the nodular variety. Also, subconjunctival scleral nodules were noted in one case in combination with conjunctival nodular tumor and this can be considered as an indication of intraocular invasion (Fig. 1) .
Clinical risk factors reported to be associated with IO extension in OSSN are previous surgical intervention [1, 4, 20] , use of topical steroids [17, 20] , and nodulo-ulcerative pattern of OSSN [18] . In addition, thick nodular tumors, perhaps more than 5 mm, can also be taken as a risk factor for intraocular involvement, as seen in our study. We believe that nodulo-ulcerative tumors may be considered as having intraocular extension, as all cases with this morphology were found to have intraocular invasion in this study. In case UBM is not available, these must be treated like tumors with intraocular extension. In the current study, 71.4% cases had a previous history of surgery and one had a history of both surgery as well as steroid use (Case 1; Table 1 ). Tumor excision, unless done with proper technique, leads to high rate of recurrence that may be more aggressive and difficult to treat. The available surgical notes in the previously operated cases did not mention the use of cryotherapy or frozen section for control of surgical margins. We routinely perform enucleation in cases of OSSN-IO, and exenteration in cases with orbital extension (AJCC T4 disease). EBRT is given for AJCC T4 disease if surgical margins are positive for tumor on exenteration, or when enucleation with subtotal orbitectomy, that is, limited excision, is done (as in Case 2, Table 1 ).
Immunosuppression either post organ transplantation [21, 22] or HIV [21, 23] infection have been reported to be associated with aggressive nature of the tumor, with a greater propensity for invasion of deeper structures. It is significant that 28.6% (2/7) patients had history of pulmonary tuberculosis in this series, and one of them (40 years old) had concurrent HIV infection, which was diagnosed on presentation (Case 6, Table 1 ). We wonder if this association is coincidental or indicates poor immunity in patients of HIV and tuberculosis, thus increasing the risk for invasive OSSN in the young patients.
Although histopathological variants like spindle-cell and mucoepidermoid carcinoma [5, 6] are known to be associated with risk of IO invasion, in our series all cases showed well-to moderately differentiated squamous cell carcinoma. We believe that the presence of risk factors can predispose to intraocular spread even in well-differentiated squamous cell carcinoma.
To conclude, clinically occult intraocular invasion in OSSN can be detected with judicious use of UBM in presence of high-risk factors like previous history of surgical intervention, immunosuppression, nodular or ulcerative tumor morphology, and a greater tumor thickness (> 5 mm height). These clinical risk factors may be more commonly associated with intraocular invasion in OSSN than the unusual aggressive histopathology.
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